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Development of surface control technique for a Pd membrane prepared by using an
electroplating method
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Fig.1 Hydrogen permeation mechanism through a Pd membrane.
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Table 1  Procedures of Pd membranes using clectric plating method.
procedures solutions conditions
\ alkaline treatment 10% Maruclean aq. 80°C 2 min
e (Nihon Maruseru Co.) room temperature
.03 ; i
2 | Electrolytic cleaning | 7.7% NaOH agq. 0.03 A/em” 1 min
room lemperature
3 acid cleaning 17.5% HCl aq. | min  room temperature
. . NiCl. 150 g/L 0.05 A/cm’ 1 min
4 Ni electroplating 3.8% HCl aq. room temperature
5 acid cleaning 1.4% HCl aq. 2 min room temperature
6 Pd electroplatin PALLADEX 110 0.050~0.40 A/em® 48~9125s
clectroplating (EEJA) 60°C  0~1000 rpm
. Melstrip Cu-3940 o
1 ete 5
7 Cu etching (Meltex) 45°C  stirring 1 hr
. . Enstrip S-180 ) . .
siching 5 2
8 Ni ctching (Meltex) 65C stirring 2 min

9539 % 3 47 (2009)

(175) 47



A HVTR DT

2.2 FTvouR)E—av

OB BIZIIEMEBEE~SA 72 A2 —7 (LG
130 PC : #aidE4), 7H T-Hf8E (SEM UTLRASS ¢
H— A A) R Lz FaMhoFEE
SEM & i 7 S BA#%HE (AFM Vert Scan 2.0 : (b Fig.2 CCD obscrvations for the surface morphologics by changing
AT L)L VIToTZ. AFM 26 EH LT = ;‘}";’:g;‘gg"r‘;’;’j“ l‘c’n:g::‘ftfu I min : a) without stirring.
(JIS B0601-1994) & #imfiitt [—] & k7=, AFM

BT &8 ST BB R L 0 3 o) Ze JIE L Y ke P A A
¥ Oy el I ;’ A 'g‘. :

F i fifEE (Surface ratio) = FEil 22 i fi ¢ "

AfE = Y 7 A (1
BET Y 7 HEfE=93.4x70.1 [uni]
3. BREBE :
Fig.3 CCD observations for the surface morphologics by changing

0. 1 PaOkRE R s ety

Fig.2 I3 E O R L2 M T 5720, min) ; 900 rpm.
f£#5 X U'Re 6,000 |2 THERE L7 £ ifii @ SEM
T A, B oRRIC X oMo H/N = 64 2000 3800
B, FESELOMAMES R Sz, Fig2 1b, 162
FE@EIZY T v IDRZITNLM, 60C TR
DY T NEERLZBICES Ty 7 BRELT a0
BoF, TAGRBHREICRRE L LOTHD, & LT
FEIEIZBT, H/Pd HIHIRE QR T IS v % e
5. PABERO KBRS 5 Z LIz kY, R . il
Mg e h. PiPHUEONEL HEYE LTRR ;%; - ° & Nz
Th-oX&miroTloizd, Bt L 7= Pd e~k 8 I EEEE measurement

E limitations

SRR TR, 2Ty 7BV LT & B & ol =
na. o T

Fig3 (o, LHHEIEDEBOBRHNOID, 0035 S5 E
Aleit 5 £ 00019 Adeit I THER L 2O R KO Temperature [K]
SEM % = . WlEED LA, #58KL Figd Hydrogen permeabilitics through the Pd membrane : 0.050A/
%, FEMOWOWRSPHER SN, EREEES ail, 12 min, 900 rpm ; AP = 0.30 MPa,

¢4 %= & TPd OFTHHEEFHML, Wiz
A A OYERAELS 78S. EOEY, EIREILEO LML L FED, fE R DA R
HNAS BB O R IRIZ D7 o 72 b . L7z, H, 35S R ERGEIIZF5 T % Pd 100158
Fig.4 {Z0.050 A/cii, 12min, 900 rpm (ZTIER B3 BBy TH DY T DTz, 296~
L 7= Pd 800 Hy, N EBRBRER & RT. Nolll 423 K 0T & IEURBOUE F 7 & 51 LT
A5 X10 M~76x10 " molm's 'Pa * fkAaTu G, F I THM IS0, 296~
LIEFICIRS, HEEOWERRLFE L~V THL 423K o & 5 Ao (K M TIHILEGEIE OAL F Ol
Tlkh, ZOBSEETHL Z EARLT. V2, B OGS 1 AS H B R R L 2 el fETE
Hy E L PA IO S23~TT3K D7 8 v bAbsk ThD. I LRIy, Pd BRKEER IO K

48 (176) Gy oBE £l



10pum| s |

Fig.5 SEM images for cross-scctional morphologics of Pd mem-
branes ; a) 0.30 A'cui, 2min, without stirring, b) dense
layer 0.050 A/cui 0.8 min, 900 rpm ; surface layer 0.030 A
cii, 3.2 min, without stirring.
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Cross - section

Fig.6  SEM images of Pd layers by changing PEG concentration of
plating solutions ; dense layer 0,035 A/cil, 1.15 min, 900

rpm ; surface layer 0.20 Aderi,

2.4 min, without stirring,

PEG concentrations  a) 0g/L, b) 1 g/L, ¢) 125 g/L.
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Fig.7 Effects of kinetic viscosities on average roughness and surface
ratios properties ; dense layer 0,035 A/cii, 113 min, 900

rpm ; surface layer 0.20 A/cil,
PEG concentration 0~ 125 g/L.

2.4 min, without stirring,
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Fig.8 CCD observations for the surface morphologies by changing
current densities and PEG additions ; a) dense layer 0.050 A/
ail, 0.8 min, 900 pm surface layer 0.20 Adent, 1.8 min,
without stirring, b) dense layer 0.050 Aleit, 0.8 min, 900
rpm surface layer 0.050 A/cni, 7.2min, without stirring,
PEG 125 ¢/L(16.0 ¢St) : a, b-1) center, a, b-2) edge.

Fig.9 SEM images by changing plating periods current densities and
PEG additions ; dense layer (.050 A/cil, 0.8 min, 900 rpm
surface layer 0.050 A/cnf, 3.2 min, without stirring,  PEG
concentration  a) 0 g/L, b) 186 g/L, ¢) 205 g/L.
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Development of surface control technique for a Pd membrane prepared by using an
electroplating method

Mikihiro Nomura® - Tetsuaki Tsubono®' * Yusuke Maezawa®' * Koichi Suzuki*?

*! Department of Applied Chemistry, Shibaura Institute of Technology
*2 Dai Nippon Printing Co., Ltd.

Surface morphology of a Pd membrane had been investigated to develop a high hydrogen permsclective
membrane. Pd membranes were prepared by an electroplating method by current density, viscosity, and stirring
conditions. Porous stainless steel supports were employed for the Pd plating that were obtained by photo etching
(thickness : 50pm, diameter : 25 mm, porosity : 45%). Dense Pd membrane was obtained by 0.050 Alem®, 900
rpm stirring. Surface morphologies were controlled by diffusion limitations of Pd ions to form dendritic structures.
Surface area ratio of the Pd membrane prepared by 5 um, 80.0 cSt was 2.1. Surface area ratio increased with
increasing kinetic viscosity of the plating solutions. In order to obtain dendritic structure from a plating solution
without kinetic viscosity control, thickness of Pd layer was over 15 um. However, a dendritic structure was
observed from the thinner Pd layer under the lower current density by increasing kinetic viscosity of the solution.
A dense Pd layer was not found from the plating solutions over 100 cSt showing that the highest viscosity is 100
cSt.

52 (180) 7y B %tk



